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INTRODUCTION :———.

GaAs based MLzSFETS and MMI”C devices exhibit excellent electrical
performance i.n the X, Ka, and V band regions. However, these
devices must also perform reliably for the duration of a space
mission.

Reliability information about GaAs clevices is scattered between
such media as journals, papers, and conference proceedings .
Thus , information about a specific devi ce cannot. be located
efficiently. However, one medium to locate information
efficiently i.s an electronic database. A database could prove
to be a valuable tool to both the user and the manufacturer.
E’rom failure trends in the database, one could analyze the
database to asses devi ce reliability for a particular
application. Such a database has been developed at JPII, and the
following is a description of its structure and a brief summary
of its contents and capabilities.

DATABASE COMPOSITION:.—— —

The database consists of two main sections, the data references
and the device reliability records. The reference secti on
contains 8 fields: reference number, date o f pub]jcation,
authors, article title, publisher, volume, and page numbers.
The device section consists of 53 fields (Table 1) structured
into two main groups. l’he first group contains information
about the data source, manufacturer, devi ce type, devi ce
specifications, device structure, process technology, chip
mounting technique, and packaging. The second group contains
information regarding sample size, screening, and test type,
The test t. ype information can be further divided into four
subgroups: storage test, DC life test, RE’ life test, and
radiation test. 13ach subgrc>up contains information about the
fai lure criteria, test ti me anc~ results, test temperature,
associated activation energy, failure mode, failure mechanism,
and failure analysis method.

‘Technical Co-op flom The University ofTexas at Austin



When working with the database, three tasks are generally
considered: appending data, editing daLa, and searching for
data . TO make the database more user friendly, a user interface
was added to make these tasks more efficient.

DATA ANAILYSIS:————

Reliability ciata from 50 references [1..50] was compiled into
Lhe database forming 100 records. A preliminary analysis of the
data was conducted. l’he i.nformaticjn presented below reflects
Lhe current content of the c~at-abase.

Gate Metallization and Structure:

G a t e meta]lization is a ma j or reliability concern for GaAs
devices. There are two common gate metallization  materials, Al-
based and Au-based.

A1-Basled Schottky Gates:

Surface Effects:

Temperature cycl ing tests of unpassivated Al gate devj ces
indicate a rapid decrease in Idss and gm. l’hjs is explained by
the thinning of the active channel due to electrolytic corrosion
[14]. However, passivatinq the device surface wit_h Si02 h a s
been reported to cause a rapid increase of the gate leakage
current. ‘l’his increase in leakage current was attributed to the
metallic migration via electrolytic paths which form a metallic
bridge between the source and gate.

Tn a comparative study, both unpassjvated  power MI?SFISTS and
MRSFETS with a CVD SiO~ passivatjon  layer were subjected to gate
reverse ‘bias tests. Both types of MESE’E1’S suffered from output
power reduction. The failure mechanism for the unpassivated
devices was identified as release of free arsenjc whjle the
failure :mechanism for the SiCJ~ passivated devices was described
as strong oxidation which erodes the channel surface . In the
same study, M15SFIYI’S with PECVD Sj:jN4 protection layer showed no
output power decrease due to gate reverse bias stress [12].
However, these findj.ngs were contradicted in another reliability
study which uses both gate reverse bias and RF life test. The
results of this new study indicated that MEISFETs with SiO~
passivation are very stable when cortlpared with Si3N4 passivated
M13SFETS [40].

Au/Al lntermetaIlic  Interaction:

Direct coupljng between Al and Au metal]jzations  can result in
an increase in gate resistance due to a metallurgical reaction
(purple plague). An RF life test on devices wjth Ti metal
sandwiched between the Al and Au metallizations also showed a
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substantial increase in the gate resistance. This increase was
attributed to the formation of an oxide or hydroxide of I’i [1] .

Refractory Barrier I,ayer:

The reliability of Al gate devices can be improved by the
inclusion of a refractory barrier between the Al gate
metallization and the semic:orlductc)r. Storage tests on devices
with A1/Ni gates showed an increase in barrier height due to the
migration of Ni into the ?11 film. On the other hand, high
temperature storage tests on devi ces with a T i. refractory
barrier showed a decrease in barrier height due to the formation
of A13Ti [10].

Au-Bamed Schottky Gates:

Au/Pt,W, or Pd/Ti Schottky contact is the most common gate
nletalli7.ation structure. In this metallization  structure, the
l’i provides a stable Schottky barrier and strong bond to the
GaAs, and the Au provides low electrical resistance. Au is
known to diffuse at high rates into Ti, for this reason Pt, W,
or Pd is used as a barrier between Au and T’i [39] .

Surface Effects:

DC life tests of unpassivated devi ces wi th Au/Pt/Ti gate
structures indicate that the main failure mechanism is oxygen
diffusion into the active channel area forming deep level traps
[5]. In another reliability study of unpassivated power devices
with Au/W/Ti gates subjected to an RE’ life test, catastrophic
failures and a dramatic increase in reverse gate current at low
reverse bias voltage were attributed to surface Contamirlatjon
[ 1 ] . High temperature storage tests on Si3N4 passivated devices
with Au/Pt/Ti gates showeci a decrease in breakdown voltage.
‘1’ransconciuctance  measurements on unstressed and stressed devices
showed this to be caused by the reduction of surface states
[15].

Refractory Barrier Layer:

Barrier height changes in Au/W/GaAs were shown to be larger than
those of Au/Pt/Ti/GaAs  when subjected to a reverse bias test
[28] . DI.’I’S and steady state I-V measurements have been reported
to indicate non-reactive interface states which increase with
reverse bias aging. Reactive interfaces like Ti, ,Pd, Al, or Cr
are less prone to this aging effect.

Storage and DC life tests on devices with Au/I?t./Ti  gates show
the dominant failure mechanisms to be diffusion-controlled
migration of the gate metal i ntc] the semiconductor (gate
sinking) [25,8]. In this failure mechanism Au reaches the
semiconductor by migrating around the edges of the gate fingers
or by diffusing along the main grain boundaries of the barrier
film. The reduction in carrier density by Au diffusion can be
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attributed t. o carrier cc)rnpensat. ion or effec Live channel
thi nni rig,, The use of W and F’d barriers have also been report, ed
t.o result in similar failure mechanism [2,11].

Gate Structure:

In order to reduce the gate resistance, ‘I’-shaped structures are
widely used . This shape js chosen to increase the cross
sectional area of the gate which in turn reduces the gate
resistance.

Device burnout is initiated at the drain Ohmic contact edge due
to the local high current density. l’hus , the burnout. voltage
can be increased by adding a gate recess to thicken the active
layer under the drain metal and reduce the current density at
the drain metal edge. kiowever, deeper recesses have been shown
to provide less contact area between the head and stem of the
gate . A theoretical structure simulation of T’-shaped gates
showed a high concentration of stress in the area between the
head and stem. This was confirmed in DC life tests performed on
PHEMT devices with Au/1’i/Mo/Ti  gates showing an increase in gate
resistance and noise figure [6] .

Ohmic Contact Metallization:

Au-Ge/Ni is widely used as the Ohmic contact for GaAs based
devices. The increase in sc)urce and drain parasitic resistance
in devices with Au-Ge/Ni contacts has been attributed to contact
deterioration[19, 10, 16, 24], Ohmic metal mjgratjon  [3P], and
the introduction of traps [20, 21]. The data indicates that
Ohmic contact degradation is not the dominant failure mechanism
of mature GaAs devices.

Radiation:

Several studies have shown C<aAs devices to be radiation hard [3,
4, 1“7] . The superlattice buffer used in HEMTs has been shown to
further improve the devic:e radiation hardness [17] . Also, it
has been shown that ion-ir,~planted  material is three to five
times more susceptible to the introduction of radiation-induced
defects than epitaxial material [4] .

SUMMARY :——

A GaAs reliability database was developed. Analysis of the data
indicates GaAs devices to be relatively radiatj.on  hard. l’he
dominant fai lure mechanisms reported in the literature are
metal-metal interdiffusion, metal -semiconductor interdiffusion,
and electromigrati.on. Table 2 shows the wide range of
activatic~n energies associated with these failure mecharlisms.
We intend to maintain this database current and use it as a
guide for determining the reliability of devices used on future
space missions.
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Table 1. Database Fields.

r—— —. .
T

—
REFERENCE  NUMBER DC 1,11’E TIXT TIMEUWWJI,TS

DATE OF PUBILICATION DC I,lk’l! TEST IEMI’ERA’IWIW,

lMA*uFACTuRER lACIIVATIONKNEkGY_WT

IDEVICE TYPE FAII,URK MODE_DCT

M,FtTIUCAl,  SPFX3F1CATION DC Ml% TIXT FAII,URE MIXIIANISM

TOPO1OGY METHOD OF FAII.URE ANAI.YSIS-l)CT

GATE STKUCTUIW W I,Ik’E IIMT (TRUWFAI.W)

TIXIINOJOGY RF 1,11% ‘MXT CONDITIONS

IBACK SIDE MI;TAI,l,lZATION ACTIVATION ENEltGY_lWl

BONDING PAI) METAL FAILURE hfOI)E_RF”l’

IMOUNTING TFX31NlQlJl! hlETIIOJ) OF FAII,UIW  ANAl,YSIS_IWI’

PACKAGE RA1)lATION  THTING  (TRUE/FAltW)

IIIERMKTIC (YF.WNO) lkADIAIION  TWrTYIW

I SAh+t’I.E  SI?X RADIATION TIN’ CONDITIONS

ISTORAGE l,lF1 TF.STST (TRUWFAl,SE)  . RADIATION FAIIWRE  CRITERIA

TOKAGN l,IFE  TEST FAIIIJRE  CRITERIA RAI)IATION TIM’f’  ‘1’IMWRkXJl.l’S

STORAGE I.IIW TFXT TIMWRFSU1)TS FA11,UIt13  hfODE-Rl

STORAGE 1.IIW TFST TEMIWRATLJIW RADIATION THT FAlllJRl! MIXIIANISM

ACTIVATION ENERGY_ST hWllIOI)  OIJ FAIIWW  ANA1,YSIS-RT

IFAIIXJRE MODE-ST

STORAGE  I.111’E  TFX$T l’AllJJRE MMXIANISM

METIIOI)  OF VAII.UIW ANAl,YSIS_ST

DC I,IIW TF.ST I(TRUWFAI,SK)

DC I.lIw TIXT ~CON1)lTIONS

IDC lIEXTF~FAII.URECRITER,A.— —.._l_____
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Table 2. Activation Energies of Different Failure Mechanisms.

—. . ——
Activation Failure Comments Reference
Energy(eV) Mechanism———..———- Number————...—._——-—-— ———

1.8
.—— — ..— —. —._ .__.. ______________

Migration of Ni jnt.o Al within the A1/Ni gate 10
gate————..—

1 . 6 Formation of A13T’i within the gate
———-——— —_______

A1/’I’i gate 10——.— —— —..-.._
1.48 ““”””– Metallurgical reaction between Ti A1/li gate 18

and GaAs—-————.—.— ———-————
2.0

————....——.—— __. —________ ._
Ohmic contact degraciation  (Ni/AuGe) Formed by alloying 22

evaporated Ni/AuGe
at 4500C for 2
mi n._—-__-._..—— ._ ————— ..— —. . . . . ..— —— ..— — . . . . . ——.. .- ——_. _—— _____ ..__. _

0.55 Gate metal electrc>migration A]/Ti gate 22——— ——— —.. —.. -— ———.. . . . . . . —-..————- .——. _ —. -_, _________ . _. . . .
1.3 ‘–-” ‘O\ygen diffusion into the active unpassivated 5

channel forming deep level traps devi ce—— .- .. ——-. —-— — ..— — .--. -.—. -. . .. —. ——— —— .——.. ——— . . . . . —-. —.. ——. —_.. _ _ _  _
1.6 Acivance of the Schottky barrier into Au/Pt/T~–gate 25

the channel———..— ——-.—-—- ..-. —.—. .—— —-.
1.9

— ———c...—
Gate sinking Au/Pt/Ti gate 8—-.———.—

1.05 Generati~n of
_———_- .-—.

dislocation in
—. ..--.. —

the 1 nGaAs channel of 20
strained mismatched layer PHEMT device——.—.——

0,85 Traps created due t.o exceeding the PHItMT 20
strain accommodation thickness—.——.. , . — — .

l– Reduction in the surface states Si3N~ passivati~L____ _....__!5—-.———— ..— .—.. ——— ——— —- —.. -.. _—
1.6

——. —-—
Gate meta~inter  diffusion into the Au/E’d/Ti  gate 11
GaAs ——— —.-—. — . . .— —— .—. — .——

1.79 =] diffusion into GaAs active layer Au ‘–
-...
based- 32

through the refractory metal refractory gate———-.._———.. ——. —
1.03 Ohmic met~migration AuGe/Ni/Au Ohmi c 32

contact.—————..—— ————_.— ——-.————. -——..
1.34

———..
Sinking gate 27———.——--—-— -—. ..—— —-.——.———- .——---. —. ——-—. —.— —.

1.2 Gate metal diffusion into the 26
channel————-.——— — - — - . . . — — — . .

1 . 7
-— ———. ..--.. .——— ———

I n c r e a s e  i n source p a r a s i t i c AuGeNi/Au Ohmi c 24
resistance conLact————..— -——— .- ——— . . . . . ..—. . .. —— -.. .—. -—....

0.73
.———————.-.

Electromigration Au strip line on 31
[001] S.I.GaAs-———— _——.—__——_—_—.—.——.———.—

F - X - - - Surface contamination Unpassivated l–-.————————
0.88 Inter diffusion c~f the gate metal 21

into AlGaAs——-——-.— .—— —.— .. —.. —— .—— —— . . . . ..— —
1.4 ~hmic contact degradation

_-— ..——
AuGeNi (HEMT) 21————————-— __.——————.—

1.5 Creation of traps ill AIAs or GaAIAs
——— ————

Ilaser processed 21
layers HEMr—— — .— ——
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